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Abstract. Recently, Life Cycle Sustainability Assessment framework has been 
launched for experts from different disciplinary fields to discuss and develop a 
holistic and integrated approach that supports effective sustainability decisions. 
Many authors have used different and combination of methodologies in support of 
this goal; some authors focus on competitive manufacturing with integrated 
environmental protection elements, some focus on energy and resource efficient 
technologies and eco-designs while other authors underscored the importance of 
holistic assessment of the three sustainability factors to drive effective sustainable 
manufacturing. However, it is evidence from the research that the existing 
approaches lack holistic and analytical approach that consolidates the objectives of 
other sustainable product development methods. This paper used a structured 
approach to a literature review to systematically examine sustainable manufacturing 
approach and the move from segmented assessment methods to the holistic and 
integrated Life Cycle Sustainability Analysis, and identify gaps both in practice and 
research within the manufacturing industry domain. In view of the result, the 
research proposed a framework that integrates goals that support progressive 
sustainable product development with methods that focus on the holistic quantitative 
analysis of the manufacturing production process.   
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1. Introduction 
The challenges involved in extracting and transforming raw materials into consumers’ 
product are enormous, and the implications of the associated activities are currently 
placing a great demand and additional responsibilities on the manufacturing industries. 
It has been established in many research that manufacturing activities are causing 
alarming degradation to the planet natural resources and generating harmful effects on 
the general society [1]-[3]. The advent of Brundtland report tagged "Our Common 
Future", has also sparked a new trend and the need to evaluate the performance of 
industries towards “meeting the needs of the present generation without compromising 
the ability of future generations to meet their own needs” [4]. The report has been 
interpreted to anchor on three sustainability dimensions: economic development, social 
development and environmental protection [5]-[7]. Since the adoption of this report by 
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the international bodies, regulatory and legislative pressures on the manufacturing 
industries have increased, and there are growing changes in the consumers’ demand 
patterns for sustainable products and practices [2], [8], [9]. Thus the current global focus 
is on supporting and coercing manufacturing industries to implement efficient production 
practices that enable development of products and services with reduced negative 
environmental and societal impacts [10], [11]. The need for manufacturing industries to 
embark on sustainable product development and the use of assessment methodologies to 
support decision-making, therefore, became apparent. However, the inability to 
simultaneously assess the three sustainability factors placed constraints on effective 
sustainable manufacturing decisions [12], [13]. Although there are contemporary 
quantitative assessment frameworks capable of addressing and assessing the 
combination of one or two of the sustainability factors [14]-[16], the frameworks have 
neither adequately integrated all the three factors nor considered the effects of their 
interdependence, and the dynamism involves in the manufacturing production process. 
In 2011, United Nations Environment Programme (UNEP) and Society of 
Environmental Toxicology and Chemistry (SETAC) [17], under its Life Cycle Initiative 
programme, published a framework to support the development of a holistic Life Cycle 
Sustainability Assessment (LCSA). The framework provides the stage for a new 
approach to sustainability subject among the scientists, researchers and practitioners to 
discuss and implement sustainable development with a holistic life cycle perspective [7], 
[18], [19]. The objectives of this research are, therefore, to examine within the 
manufacturing industries, different approach towards sustainable manufacturing and the 
direction and the trend from an individual or segmented assessment methods to an 
integrated holistic assessment of the sustainability factors, and to study and identify gaps 
both in practice and research within the manufacturing industry. This research also 
identified and proposed a framework that integrates goals that support progressive 
sustainable product development with methods that focus on the holistic quantitative 
analysis of the manufacturing process. 
2. Research Methodology 
This research adopts a structured approach to full literature review based on defined 
research question, goals and scope [20]-[26]. In respect of the research question, this 
review focuses on what are the approach to sustainable manufacturing, and to what extent 
are the approaches being moved from segmented assessment methods to the holistic and 
integrated Life Cycle Sustainability Analysis (LCSA). The goal is to identify gaps both 
in practice and research within the boundary of gate-to-gate manufacturing production 
domain. The scope is limited to the production process and the literature published 
between 2006 and 2015 (inclusive) on approach to sustainable manufacturing. The 
purpose is to focus on the most previous and up to date methodologies after 
UNEP/SETAC launched the LCSA framework in 2011 [17]. The delimited 
manufacturing production domain is to allow focus on methodologies adopted for 
assessment of a discrete manufacturing production process for a sustainable product 
under design. The search, sort and eliminate data collection strategy adopted is depicted 
in Figure 1. A combination of keywords and wildcards were used to search for relevant 
articles in the major bibliographical database such as Web of Science (WOS), the 
University Library Catalogue, ScienceDirect, and GoogleScolar. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The listed relevant literature from the data collection process was then imported into 
an analytical framework for analysis and synthesis. A thematic synthesis as used by [21] 
was adopted due to its effectiveness in classifying and structuring reoccurring themes as 
depicted in Figure 2. 
3. Result and Discussion 
The data collection process produced a total of 54 literature relevant to the approach to 
sustainable manufacturing within the defined goal and scope. The data analysis of the 
literature shows, 38 (70.4%) of the papers focused on the segmented approach to 
sustainable manufacturing while 16 (29.6%) incorporated the three sustainability 
dimensions in their approach. Of the 38 segmented approaches, 92.1.3% included 
environmental, 39.5% included economic and 23.7% included social aspects with either 
of the other factors in their assessments. Further, the analysis shows that all (100%) of 
the approaches  that included environmental factor concentrate on the energy aspect and 
14.3% focused on materials or other aspects that related to environmental dimension (see 
Figure 2 above). The result reveals the imbalance of the approaches towards the three 
sustainability factors with a greater neglect for the importance of the social factor and its 
influence on other factors. It also shows the fact that the current sustainable 
manufacturing approaches tend to focus more on the competitive manufacturing that 
integrates environmental protection elements. The trend of the approaches to integrated 
sustainable manufacturing was also examined from 2006 to 2015, it was observed that 
the number of articles in this area increased after the launch of LCSA in 2011 [17], 
however, there was a fall after the peak in 2013 (Figure 3). 
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3.1. Challenges with Existing Sustainability Assessment Approach 
Though the principles of LCA have been applied in various articles [5]-[7], [16], [18], 
[23], there is an agreed notion among the researchers of the complexity of the framework, 
the challenges and the time required to collect an inventory of a product life cycle which 
makes the framework almost impracticable [12], [19, [30].  Many researchers and 
practitioners have combined LCA principles with other methods for assessment of 
products sustainability [15], [18], [19], [27], [28]. However, the holistic performance of 
the products and comparison to alternative products design, or previous versions have 
not been thoroughly assessed due to difficulties in integrating all the sustainability 
aspects of the assessment processes [29], [30]. A holistic sustainability performance 
assessment incorporates the three sustainability dimensions in the assessment processes, 
and aggregate sustainability performance of all the actors in a product life cycle to inform 
the product designers for effective decision making [12]-[15]. According to Hutchins 
and Sutherland [13], sustainability is appreciated when the interdependencies of the three 
sustainability factors are considered [7], [18], [19], [31], [32]. The authors further posited 
that it is necessary to characterise the connection and interactions among the three 
sustainability factors before we can achieve sustainable development.  
3.2. Aligning Energy Efficiency Approach to Sustainable Manufacturing  
The importance of energy efficiency in the manufacturing production process is 
underscored in all the reviewed articles. The result shows that 100% of the approaches 
concentrate on the energy aspect. Methods such as Energy modelling, eco-design, Lean-
green, and Energy Management Systems [1]-[3], [8], [9], [11], [16], [21] are examples 
of strategies adopted in an Eco-Efficient production system that aims at reducing 
environmental impacts and cost of production [1], [2], [7]-[9], [18]. Circular Economy 
(CE) has also emerged to describe an approach that combines various design techniques 
under eco-design mechanism with the aim of reducing the rate of consumption of natural 
resources through product lifespan extension and feasible economic case [25], [33], [34]. 
The main question is, however, how sustainable are the production processes involved 
in manufacturing the eco-innovative products? How do we assess their impacts on the 
economic, environment and society in order to drive effective sustainability decision?    
       A sustainable product, according to this research, is a product that is created using 
an eco-efficient manufacturing production process, conserves natural resources, eco-
efficient in the use phase, competitive, safe and promotes social values and amenities for 
the workers and communities. Although there exist a significant positive relationship 
Figure 3. The trend of Approach to sustainable 
Manufacturing Between 2005 and 2016 
Figure 4. A Concept Diagram of Simulation-Based 
Impact Analysis of Sustainable Product Design 
between the eco-innovated products and sustainable products [3], [4], [6], there is need 
to align the manufacturing process of the products with a holistic view of sustainable 
development [4]. This research proposes an integrated methodology for impact analysis 
of the production process that enables assessment of the three sustainability factors 
(economic, social and environmental) in a dynamic production environment [30]. A 
simplified concept diagram of the proposed simulation-based impact analysis for a 
circular economy or eco-design product is depicted in Figure 4. The approach is to enable 
simulation and sustainability analysis of a proposed sustainable product design under 
various manufacturing control and resources in order to optimise and evaluate the 
manufacturing processes for the best competitive, sustainable process and product design. 
4. Conclusion  
This study examined the approach to sustainable manufacturing assessment, the trend 
towards LCSA and classified the focuses of sustainability assessments. The result shows 
that most of the approach lacks holistic view and LCSA is still in the immature stage. 
Most of the authors focus on competitive manufacturing integrated with environmentally 
sustainable innovations, while other authors underscored the importance of holistic 
assessment of the three sustainability factors.  As posited by many authors, sustainable 
development is achievable when the connection and interactions among the three 
sustainability factors are considered [7], [13], [18], [19]. It should be noted that the 
current approaches to sustainable manufacturing that integrates the three factors in their 
assessments do not consider the interdependency of all the factors. The approaches still 
use the traditional individual assessment methods and summing up their results. 
According to research, this approach does not support effective decision-making and are 
prone to unintended negative consequences [7],[19],[32] hence, it is a clear gap for 
research on the issues of the influence of one sustainability factor on the other especially, 
when assessing the sustainability of a process or product under design. Another obvious 
gap in the current research is the challenge of aggregating and translating various social 
aspects from qualitative to quantitative weighted values and the study of their influence 
on and interdependencies with the economic and environmental factors. 
With the aim of the holistic analysis of the three sustainability factors [7], [32]and 
overcoming the data collection complexity of a product life cycle, this research proposes 
a gate-to-gate analytical framework that combines existing approaches and enables 
effective assessment of the factors and decision-making for sustainable manufacturing. 
References 
[1]    A. Cannata, S. Karnouskos, and M. Taisch, “Energy efficiency driven process analysis and optimization 
in discrete manufacturing,” IECON Proc. (Industrial Electron. Conf., pp. 4449–4454, 2009. 
[2]    S. Rahimifard, Y. Seow, and T. Childs, “Minimising embodied product energy to support energy efficient 
manufacturing,” CIRP Ann. - Manuf. Technol., vol. 59, no. 1, pp. 25–28, 2010. 
[3]    A. Aramcharoen and P. T. Mativenga, “Critical factors in energy demand modelling for CNC milling 
and impact of toolpath strategy,” J. Clean. Prod., vol. 78, pp. 63–74, 2014. 
[4]    G.H. Bruntland, “Our common future”, Report of the World Commission on Environment and 
Development, New York, NY. 1987 
[5]    I. Mastoris, “Towards a framework of products Life Cycle Sustainability Assessment ( LCSA )”The 
ESPRC Centre for Innovative Manufacturing in Industrial Sustain,” 2011. 
[6]    S. Luong, K. Liu, and J. Robey, “Sustainability Assessment Framework for Renewable Energy 
Technology,” Technol. Sustain. Built Environ. Cent., pp. 1–8, 2012. 
[7]    A. Zamagni, H.-L. Pesonen, and T. Swarr, “From LCA to Life Cycle Sustainability Assessment: concept, 
practice and future directions,” Int. J. Life Cycle Assess., vol. 18, no. 9, pp. 1637–1641, 2013. 
[8]    N.P. Melville and S.M. Ross, "Information Systems Innovation for Environmental Sustainability" 
Melville/IS Innovation for Environmental Sustainability. MIS Qtly Vol. 34 No 1, pp. 1-21/march 2010. 
[9]    A. Cataldo, M. Taisch, and B. Stahl, “Modelling, simulation and evaluation of energy consumptions for 
a manufacturing production line,” pp. 7529–7534, 2013. 
[10] C. Stevens, “STATISTICS BRIEF Measuring Sustainable Development,” Stat. Br. - Organ. Econ. Co-
operation Dev., vol. 10, no. September, pp. 1–8, 2005. 
[11] OECD, “Eco-Innovation in Industry: Enabling Green Growth,” Growth Lakel., pp. 1–278, 2009. 
[12] P. Consultants, “Eco-indicator 99 Manual for Designers,” Min. Housing, Spat. Plan. Env., no. Oct, 2000. 
[13] M. J. Hutchins and J. W. Sutherland, “An exploration of measures of social sustainability and their 
application to supply chain decisions,” J. Clean. Prod., vol. 16, no. 15, pp. 1688–1698, 2008. 
[14] UNEP/SETAC, Life Cycle Initiative, Guidelines for Social LCA of Products, vol. 15, no. 2. 2009. 
[15] R. Heijungs, G. Huppes, and J. B. Guinee, “Life cycle assessment and sustainability analysis of products, 
materials and technologies. Toward a scientific framework for sustainability life cycle analysis,” Polym. 
Degrad. Stab., vol. 95, no. 3, pp. 422–428, 2010. 
[16] M. Leckner and R. Zmeureanu, “Life cycle cost and energy analysis of a Net Zero Energy House with 
solar combisystem,” Appl. Energy, vol. 88, no. 1, pp. 232–241, 2011. 
[17] United Nations Environmental Program (UNEP), Towards a Life Cycle Sustainability Assessment: 
Making informed choices on products. 2011. 
[18] J. Parent, C. Cucuzzella, and J. P. Revéret, “Revisiting the role of LCA and SLCA in the transition 
towards sustainable production and consumption,” Int. J. Life Cycle Assess., vol. 18, no. 9, pp. 1642–
1652, 2013. 
[19] S. Valdivia, C. M. L. Ugaya, J. Hildenbrand, M. Traverso, B. Mazijn, and G. Sonnemann, “A 
UNEP/SETAC approach towards a life cycle sustainability assessment - Our contribution to Rio+20,” 
Int. J. Life Cycle Assess., vol. 18, no. 9, pp. 1673–1685, 2013. 
[20] P. Goodall, E. Rosamond, and J. Harding, “A review of the state of the art in tools and techniques used 
to evaluate remanufacturing feasibility,” J. Clean. Prod., vol. 81, pp. 1–15, 2014. 
[21] J. A. Garza-Reyes, “Lean and green-a systematic review of the state of the art literature,” J. Clean. Prod., 
vol. 102, pp. 18–29, 2015. 
[22] D. Tranfield, D. Denyer, and P. Smart, “Towards a methodology for developing evidence-informed 
management knowledge by means of systematic review *,” Br. J. Manag., vol. 14, pp. 207–222, 2003. 
[23] D. Chang, C. K. M. Lee, and C.-H. Chen, “Review of Life Cycle Assessment towards Sustainable Product 
Development,” J. Clean. Prod., vol. 83, pp. 48–60, 2014. 
[24] F. Brones and M. Monteiro De Carvalho, “From 50 to 1: Integrating literature toward a systemic 
ecodesign model,” J. Clean. Prod., vol. 96, pp. 44–47, 2015. 
[25] B. Esmaeilian, S. Behdad, and B. Wang, “The evolution and future of manufacturing: A review,” J. 
Manuf. Syst., vol. 39, pp. 79–100, 2016. 
[26] M. Fakhimi, N. Mustafee, and L. K. Stergioulas, “An investigation into modeling and simulation 
approaches for sustainable operations management,” Simulation, vol. 92, no. 10, pp. 907–919, 2016. 
[27] B. G. Hermann, C. Kroeze, and W. Jawjit, “Assessing environmental performance by combining life 
cycle assessment, multi-criteria analysis and environmental performance indicators,” J. Clean. Prod., vol. 
15, no. 18, pp. 1787–1796, 2007. 
[28] C. S. Leslie JACQUEMIN, Pierre-Yves PONTALIER, “Life cycle assessment (LCA) applied to the 
process industry: a review,” Hal, pp. 1–22, 2012. 
[29] M. Paju, J., et. al., "Framework and Indicators for a Sustainable Manufacturing Mapping Methodology". 
Proceedings of the 2010 Winter Simulation Conference 
[30] M. A. Gbededo, K. Liyanage, and I. Oraifige, “Simulation Aided Life Cycle Sustainability Assessment 
( LCSA ) Framework for Manufacturing Design and Management” , Int. J. of Mechanical, Aerospace, 
Industrial, Mechatronic and Manufacturing Engineering, vol. 10, no. 7, pp. 1–3, 2016. 
[31] M. Arena, G. Azzone, and A. Conte, “A streamlined LCA framework to support early decision making 
in vehicle development,” J. Clean. Prod., vol. 41, pp. 105–113, 2013. 
[32] S. Sala, F. Farioli, and A. Zamagni, “Progress in sustainability science: Lessons learnt from current 
methodologies for sustainability assessment: Part 1,” Int. J. Life Cycle Assess., vol. 18, no. 9, pp. 1653–
1672, 2013. 
[33] J. Hu, Z. Xiao, R. Zhou, W. Deng, M. Wang, and S. Ma, “Ecological utilization of leather tannery waste 
with circular economy model,” J. Clean. Prod., vol. 19, no. 2–3, pp. 221–228, 2011. 
[34] A. Tukker, “Product services for a resource-efficient and circular economy - A review,” J. Clean. Prod., 
vol. 97, pp. 76–91, 2015. 
